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Sustainable Projects

109 LEED 
Projects

22 Platinum
62 GoldProjects

4 Li i  B ildi  P j t

21 Silver

4 Living Building Projects

9 Net Zero Energy Projects

2 Passive House Projectsj
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What is Geothermal?
It is NOT



Geothermal Design
Geothermal Heat Exchange

Source: ASHRAE



Geothermal Design
Open Loop/Well Design

CoolingHeating

Well Water Temp
Well Flow Capacity ?

Source: ASHRAE

Well Flow Capacity ?



Geothermal Design
Closed Loop/Bore Design

CoolingHeating

Geological Formation 
Ground Temp
Bore Capacity ?

Source: ASHRAE



Geothermal Design
Building Load Profile
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Geothermal Design
Software Modeling



Geothermal Design
Field Design



Guidelines and Codes



Guidelines and Codes
ASHRAE & IGSHPA

Test Bore Bore Design/ConstructionBore Design/Construction

Source: ASHRAE



Guidelines and Codes
CEC – AB 2339

: Geothermal = Renewable Energy



Guidelines and Codes
DWR – GHEW Standards Update

GHEW Standards – Draft Created in 1999

GHEW Standards – Draft Being UpdatedGHEW Standards – Draft Being Updated

Closed Loop Systems – DWR GHEW Standards Apply

Open Loop Systems – DWR Water Well Standards Apply

Local Water Agency is AHJ



Geothermal Construction
Pipe & Fittings



Geothermal Construction
Pipe, Trenches, Bores, & Drill rigs



Geothermal Construction
Vaults & Valves



Geothermal Construction
Why HDPE?

Reduced Pressure LossSmooth Walls and Same Hydraulic
Capacity  Over Lifetime

50 Year Pipe Warranty50 to 100 Year Lifetime

Capacity  Over Lifetime

Recyclable

p y

Potable Water Use

Non ToxicAWWA
ASTM

1600 psi Hydrostatic 
Design Basis at 73°F 

ASTM
NSF
CSA

Design Basis at 73°F 
per ASTM D-2837Chemical & Corrosion Resistance



Geothermal: Energy Water Nexus
CEC 2005 Report

CA WATER RELATED ENERGY USE

WATER 
CLEANING & 
TRANSPORT

32%

END USE
68%



Geothermal: Energy Water Nexus

Energy Use - Education

CEC 2005 Report
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Geothermal: Energy and Water
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Geothermal: Energy Efficiency
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Cost and Incentives

Cost of Geothermal:Cost of Geothermal:
• Vertical Bore ~$4,000/Ton
• Horizontal Slinky ~$3,500 (+ Site Work Costs)

Federal Incentives 
• MACRS + Depreciation: 50% year 1 + 12.5% years 2-5 
• Investment Tax Credit (ITC): 10% year 1( ) y

Finance Solutions
• GeoTPA (LVESTUS, Others..)

C S iNo CA State Incentives 
• Not yet Considered Renewable
• Coming soon?g



Design Case Study
30,000 SF Lab



Design Case Study
30,000 SF Lab, 3 Stories, Detention Pond

200 FT x 200 FT200 FT x 200 FT
Geothermal Slinky
Horizontal Field in 
Detention Pond



Design Case Study
Energy Analysis

s

Simulation Summary Total Energy Use % Energy 
Savings

Electricity 
(kWh)

Natural Gas 
(Therms)

EUI
(kBtu/sf/yr)

T24 VAV Air Handlers with HW Reheat (T24 Base Option) 951,621 25,545 207 BASE
1a Water Cooled Heat Recovery Chiller, Domestic Water Heat Exchanger 976,720 0 119 42.6%
1b Option 1a with Four Pipe VAV in Dry Labs 1,004,393 0 122 40.9%

O
pt

io
ns Savings 

vs 
Baseline

$

Water flow 
data not p p y

1c Option 1a with Four Pipe VAV in Wet Labs 953,121 0 116 43.9%
2 Water Cooled Heat Recovery Chiller, Closed-Loop Geothermal Array 941,564 0 115 44.6%

3a Condensing Boiler and Air Cooled Chillers 644,761 20,253 151 27.2%
3b Option 3a with Four Pipe VAV in Wet Labs 647,017 18,383 144 30.3%
4 Condensing Boilers, DX Lab Air Handler, Packaged Office Air Handler 936,002 17,734 164 20.8%

P d O ti  1

$850,000

$0 K available

LIGHTS
3%

VENT FANS
15%

PUMPS & AUX
0%

Title 24 HVAC 
LIGHTS
3%

PLUG LOADS

Proposed Option 3b
LIGHTS
3%

PLUG LOADS

Proposed Option 1c

PLUG LOADS
18.0%

SPACE COOLING
20%

15% PLUG LOADS
18.0%

SPACEHEATING

SAVINGS
30%

PLUG LOADS
18.0%

SPACE HEATING
14%

SAVINGS
44%

SPACE HEATING
44%

SPACE HEATING
32%

SPACE COOLING
8%

VENT FANS
8%

PUMPS & AUX
1% SPACE COOLING

6%

VENT FANS
7%

PUMPS & AUX
8%



Design Case Study
Net-Zero?

Energy Use Intensity (kBtu/SF-Yr)
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Design Case Study
LCC

LIFECYCLE COST ANALYSIS

BASED ON 30 YEAR ANALYSIS - 2013 to 2042

O
pt

io
ns

Capital 
Costs 

($)2013

Avg. 
Maint. 

Costs ($)

Avg. Repla. 
Costs ($)

Utility 
Costs 

($)2013

Savings 
By Design 
Rebate 
($)2013

Payback 
T24  
Base 

(Years)

15 Year 
Cost of 

Ownership 
($)2027

30 Year 
Cost of 

Ownership 
($)2042

Energy Use 
Index 

(kBtu/sf-yr)

A
S
E

OPTIONS

T24 HVAC - Air Cooled DX AHU's + 

B
A $2,529,000 $17,444 $39,808 $136,834 $0 - $5,833,123 $13,105,219 207

1a $2,970,000 $20,616 $43,779 $122,091 $25,545 8 $5,520,789 $12,320,698 119

1b $2,948,500 $20,616 $43,779 $125,549 $0 11 $5,599,453 $12,554,489 122

1c $3 000 000 $20 616 $43 779 $119 140 $25 545 8 $5 487 111 $12 154 637 116

VAV Reheat
Water Cooled Heat Recovery 
Chiller + Domestic Water HX

1a + Four Pipe VAV in Dry Labs

1a + Four Pipe VAV in Wet Labs1c $3,000,000 $20,616 $43,779 $119,140 $25,545 8 $5,487,111 $12,154,637 116

2 $3,850,900 $20,616 $43,779 $117,696 $27,556 23 $6,304,840 $12,907,588 115

3a $2,970,000 $17,444 $45,101 $94,772 $66,664 8 $5,386,663 $10,876,047 151

3b $3,000,000 $17,444 $45,101 $93,745 $68,083 8 $5,393,083 $10,836,396 144
C l d ' f b d

1a + Four Pipe VAV in Wet Labs
Water Cooled Heat Recovery 
Chiller + Geothermal HX
Air Cooled Chillers + Condensing 
Boilers

3a + Four Pipe VAV in Wet Labs

4 $2,580,000 $17,444 $39,808 $129,414 $0 7 $5,724,010 $12,663,243 177

Notes / Assumptions:
1.
2.

Average Price for Natural Gas is $0.70/Therm.
Average Price for Electricity is $0.125/kWh.

Air Cooled DX AHU's for Lab and 
Office + Condensing Boilers

2. Average Price for Electricity is $0.125/kWh.



Design Case Study

LIFECYCLE COST ANALYSIS

LCC w/ Geo Fed Incentives (GeoTPA)

BASED ON 30 YEAR ANALYSIS - 2013 to 2042

O
pt

io
ns

Capital 
Costs 

($)2013

Avg. 
Maint. 

Costs ($)

Avg. Repla. 
Costs ($)

Utility 
Costs 

($)2013

Savings 
By Design 
Rebate 
($)2013

Payback 
T24  
Base 

(Years)

15 Year 
Cost of 

Ownership 
($)2027

30 Year 
Cost of 

Ownership 
($)2042

Energy Use 
Index 

(kBtu/sf-yr)

A
S
E

OPTIONS

T24 HVAC - Air Cooled DX AHU's + 

B
A $2,529,000 $17,444 $39,808 $136,834 $0 - $5,833,123 $13,105,219 207

1a $2,970,000 $20,616 $43,779 $122,091 $25,545 8 $5,520,789 $12,320,698 119

1b $2,948,500 $20,616 $43,779 $125,549 $0 11 $5,599,453 $12,554,489 122

1c $3 000 000 $20 616 $43 779 $119 140 $25 545 8 $5 487 111 $12 154 637 116

VAV Reheat
Water Cooled Heat Recovery 
Chiller + Domestic Water HX

1a + Four Pipe VAV in Dry Labs

1a + Four Pipe VAV in Wet Labs1c $3,000,000 $20,616 $43,779 $119,140 $25,545 8 $5,487,111 $12,154,637 116

2 $3,850,900 $20,616 $43,779 $117,696 $27,556 2 $4,871,935 $11,474,683 115

3a $2,970,000 $17,444 $45,101 $94,772 $66,664 8 $5,386,663 $10,876,047 151

3b $3,000,000 $17,444 $45,101 $93,745 $68,083 8 $5,393,083 $10,836,396 144

1a + Four Pipe VAV in Wet Labs
Water Cooled Heat Recovery 
Chiller + Geothermal HX
Air Cooled Chillers + Condensing 
Boilers

3a + Four Pipe VAV in Wet Labs
l d ' f b d

4 $2,580,000 $17,444 $39,808 $129,414 $0 7 $5,724,010 $12,663,243 177

Notes / Assumptions:
1.
2.

Average Price for Natural Gas is $0.70/Therm.
Average Price for Electricity is $0.125/kWh.

Air Cooled DX AHU's for Lab and 
Office + Condensing Boilers

2. Average Price for Electricity is $0.125/kWh.



Design Case Study
Reach for Net-Zero, Add PV

Year $/kwh PV $/kWh cost w/Incentives PV $/kWh cost w/out Incentives
2013 $0.13

2037 (3%/Yr Increase) $0.19 $0.15$0.15( / ) $
2037 (5%/Yr Increase) $0.24

PV Array Size 575
PV Array Cost $3,415,500.00
PV Array Cost $3,401,125.00

Without Incentives
With Incentives
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Design Case Study

LIFECYCLE COST ANALYSIS

LCC w/ Geo Fed Incentives (GeoTPA + PV)

BASED ON 30 YEAR ANALYSIS - 2013 to 2042

O
pt

io
ns

Capital 
Costs 

($)2013

Avg. 
Maint. 

Costs ($)

Avg. Repla. 
Costs ($)

Utility 
Costs 

($)2013

Savings 
By Design 
Rebate 
($)2013

Payback 
T24  
Base 

(Years)

15 Year 
Cost of 

Ownership 
($)2027

30 Year 
Cost of 

Ownership 
($)2042

Energy Use 
Index 

(kBtu/sf-yr)

A
S
E

OPTIONS

T24 HVAC - Air Cooled DX AHU's + 

B
A $2,529,000 $17,444 $39,808 $136,834 $0 - $5,833,123 $13,105,219 207

1a $2,970,000 $20,616 $43,779 $122,091 $25,545 8 $5,520,789 $12,320,698 119

1b $2,948,500 $20,616 $43,779 $125,549 $0 11 $5,599,453 $12,554,489 122

1c $3 000 000 $20 616 $43 779 $119 140 $25 545 8 $5 487 111 $12 154 637 116

VAV Reheat
Water Cooled Heat Recovery 
Chiller + Domestic Water HX

1a + Four Pipe VAV in Dry Labs

1a + Four Pipe VAV in Wet Labs1c $3,000,000 $20,616 $43,779 $119,140 $25,545 8 $5,487,111 $12,154,637 116

2 $7,265,900 $20,616 $43,779 $5,885 $27,556 10 $4,337,460 $5,924,326 115

3a $2,970,000 $17,444 $45,101 $94,772 $66,664 8 $5,386,663 $10,876,047 151

3b $3,000,000 $17,444 $45,101 $93,745 $68,083 8 $5,393,083 $10,836,396 144

1a + Four Pipe VAV in Wet Labs
Water Cooled Heat Recovery 
Chiller + Geothermal HX
Air Cooled Chillers + Condensing 
Boilers

3a + Four Pipe VAV in Wet Labs
l d ' f b d

4 $2,580,000 $17,444 $39,808 $129,414 $0 7 $5,724,010 $12,663,243 177

Notes / Assumptions:
1.
2.

Average Price for Natural Gas is $0.70/Therm.
Average Price for Electricity is $0.125/kWh.

Air Cooled DX AHU's for Lab and 
Office + Condensing Boilers

2. Average Price for Electricity is $0.125/kWh.



Geothermal Case Studies 



Geothermal Case Studies 
Higher Ed
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Geothermal Case Studies 
Housing



HM
AR

KS LEED SilverArt Stable Architect: Olson Kundig Architects

BE
N
CHSeattle, WA

EN
ER

GY 15% Saved 
63 EUI
Net Zero

W
AT
ER

40% Saved
Rainwater
Greywater
Blackwater

PV
Solar Hot Water
GeothermalRE

S

Augered Piles
Natural Ventilation
Daylighting
Ground Source 
Heat Pump

FE
AT
U
R



“Geothermal Heat PumpsGeothermal Heat Pumps
Geothermal heat pumps are one of the most efficient
ways to heat and cool your home. They can achieve 
efficiencies two to three times greater than efficiencies two to three times greater than 
commonly used air source heat pumps because they rely 
on the relatively consistent ground temperatures to 
transfer heat to or from a home. Across much of the transfer heat to or from a home. Across much of the 
United States, the temperature of the upper 10 feet of 
the ground remains between 45°F and 75°F, and 
often between just 50°F and 60°F. By contrast, air 
temperatures can range over the course of a year from 
below 0°F to over 100°F.”

Source: EPA Website



Questions  Answers



Marco Alves, PE, LEED AP, Senior Associate
marco.alves@pae-engineers.comp g

John Paul Peterson, PE, LEED AP, Senior Associate
johnpaul.peterson@pae-engineers.com

503.226.2921
pae‐engineers.compae engineers.com


